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ABSTRACT

An investigation was conducted to determine if immunologic relation
ships existed between Anaplasma and Plasmodium sp.

The organisms employed

in this study were Anaplasma marginale, Plasmodium lophurae and P. berghei,
maintained.in calves, ducks and mice, respectively.
/

Cell-free parasites

were obtained from erythrocytes of animals infected with these organisms .
and utilized in the preparation of "heated" and "protein" antigens.

These

antigens were used to coat sheep and duck erythrocytes which were sub
sequently employed in passive hemagglutination procedures.

Immune sera

were obtained from calves, ducks and mice in the acute phase of infections
with A. marginale, P. lophurae and P. berghei, respectively.

The results

of hemagglutination and hemagglutination-inhibition tests demonstrated
immunologic similarities among the three organisms and specificity of the
test.
"Protein" antigens prepared from A. marginale, P. lophurae and
P. berghei were also subjected to disc electrophoresis.

Preparations

of P. lophurae and A. marginale contained as many as 12 bands and only
6 bands were noted for P. berghei. The results also showed that some
of the fractions possessed similar electrophoretic mobility.
Utilizing disc electrophoresis, immunodiffusion and Immunoelectro
phoresis studies were conducted on acute P. lophurae duck and acute
A. marginale bovine sera in order to analyze changes occurring in the
serum proteins of the hosts infected with the above parasites.

It was

found that tbe major changes occurred In the gamma- and beta-globulin
viii

populations as shown by efficacy of anti-acute sera over anti-normal
sera in detecting these alterations.
A passive hemagglutination technique was developed to detect
eperythrozoonosis in calves.

The antigen utilized in this procedure

was prepared by ultrasonic disruption of cell-free Eperythrozoon
wenyonii.

The test was found to be specific and no cross-reactions

were observed with sera obtained from animals infected with Anaplasma
and Plasmodium.
Limited observations were made on the use of an "alkaline”
A. marginale antigen preparation, environmental temperature effects
on P. lophurae infections in ducks, precipitation in acute and con
valescent duck sera heated at 56 C and the apparent _in vivo hemolysis
of erythrocytes when acute P. lophurae duck blood and serum were
inoculated into normal ducks.

ix

INTRODUCTION

The enigmas surrounding infectious-anemias (i.e. malaria, anaplhsmosis) have led to confusion regarding the physiology, immunology, and,
in some cases, taxonomy of the etiologic agents*

Immunologic anomalies

of these diseases have prevented the development of vaccines.

Recently,

however, a trial vaccine for anaplasmosis in cattle has been developed
(Brock, Kliewer and Pearson, 1965),
The causative agent of anaplasmosis is Anaplasma marginale, and it
possesses all of the enigmas mentioned above.

It affects cattle,

primarily, and results in an estimated 35 million dollar annual loss to
the cattle industry (Oglesby, 1962).

The organism is currently classified

in the order Rickettsiales according to Bergey*s Manual of Determinative
Bacteriology (Breed, Murray and Smith, 1957).

Yet even this classifica

tion is tentative (Foote, Geer and Stich, 1958; Ristic, 1960; Cane,
Rogers and Dimopoullos, 1963; Rogers and Dimopoullos, 1963).

It is no

wonder, then, that immunologic studies concerning this disease are also
in a quandary.
Malaria shares a similar fate as anaplasmosis, with the exception
that the etiologic agent is definitely classified as a protozoa (Sawitz,
1956).

A review of the literature reveals many serodiagnostic reports,

although basic immunologic studies on malaria and anaplasmosis are few.
This may have been due to laqk of interest in this area of research
(Huff, 1965).

Thus, it does not seem too surprising that only two

1

serologic procedures are available which accurately and reliable titer
the antibodies produced in these diseases:
1,

the fluorescent antibody (FA) technique used in malaria
(Kuvln et al., 1962)

2.

the complement-fixation (CF) test used in anaplasmosis
(Gates et al., 1954)

Anaplasmosis and malaria are characterized by severe anemias pro
duced in the host.

The exact cause of this type of anemia has been the

subject of much controversy (Huff, 1963; McGhee, 1964; Cox, 1964).

The

approach to this problem has recently been along the lines of autoimmunity
both in anaplasmosis (Ristic, 1961; Mann and Ristic, 1963; Krier, Ristic
and Schroeder, 1964; Schroeder and Ristic, 1965a, b) and malaria
(Taliaferro and Taliaferro, 1950; McGhee, 1964; Zuckerman, 1960, 1961).
According to Tobie (1964) one of the main stumbling blocks in
immunologic studies of malaria has been the lack of suitable antigens.
This problem is also inherent in anaplasmosis.

However, Rogers and

Dimopoullos (1964, 1965) reported on the nature and preparation of a CF
antigen which had a high degree of specificity.
The impetus for this research was given by the report of Rogers
and Dimopoullos (1963) who observed serologic cross-reactions between
A. marginale and Plasmodium sp*

It was felt that a more complete

investigation into the nature of the antigenic similarities between the
above organisms was warranted.

In addition, data are included on work

dealing with serum protein changes in animals infected with A. marginale,
Plasmodium lophurae and P. berghei.

SELECTED LITERATURE

I#

Anaplasmosis,
A0 General.
Anaplasmosis is a disease which affects cattle and was first

recognized by Theiler (1910) as a separate entity apart from piroplasmosis.
He believed the etiologic agent to be a protozoa and named it Anaplasma
marginale— a designation describing the organism’s morphology and location
within infected erythrocytes.

There is considerable evidence to support

the protozoal nature of the organism (Lotze and Yiengst, 1942; Lotze, 1946;
Franklin and Redmond, 1958; Cane, Rogers and Dimopoullos, 1963); however,
the classification of A. marginale remains an unsettled question (Roby,
I960; Ristic, 1960a),
B.

Immunology of Anaplasmosis,

A survey of the literature revealed that most of the immunologic
investigations on anaplasmosis have been confined to within the past
six years.

These studies fall into the following categories: plasma

protein and immunoglobulin changes, autoimmunity and serodiagnosis,
1.

Plasma Protein and Immunoglobulin Changes.
i

Dimopoullos, Schrader and Foote (1960) reported that concen
trations of gamma-globulin decreased significantly in calves infected with
A, marginale at the peak of infection.

The concentrations of alpha- and

beta-globulins fluctuated during the course of the disease which may have
represented a shift in antibody pqpulation.
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Subsequently, evidence for

this possibility was reported by Rogers and Dimopoullos (1963).

They

described a shift in residence of CF antibodies in the acute and con
valescent stages of anaplasmosis.

Acute sera showed CF activity in the

gamma-, beta- and alpha-globulin regions, while in convalescent sera no
antibody activity was observed in the alpha-globulins.

They also observed

a decrease in the gamma-globulin level during the acute phase with a
subsequent rise, above normal, in the convalescent stage.
I
Murphy et al. (1964, 1965) reported on the population changes
among the immunoglobulins of cattle infected with A. marginale. They
employed immunoelectrophoretic analysis in order to demonstrate the
heterogeneity within the immunoglobulin classes of normal, acute and
convalescent animals.

All of the CF activity was reported to be in the

gamma-M fraction.
2.

Autoimmunity studies.

The severe anemia which usually develops in acute anaplasmosis
has been the subject of much controversy.

Ristic (1961) has proposed

that the anemia observed is the result of autoimmunity.

However, it is

necessary to review the criteria for autoimmunity before the results of
studies of an autoimmune nature can be applied to anaplasmosis.
A comprehensive review on autoimmunity has been presented by
Damashek (1965).

He defines autoimmunity as "an abnormal state character

ized by the presence of a self-derived immunologic mechanism which may
lead to disease."

The important criterion here is the term self-derived--

indicating it is not mediated by an exogenous source.

Another criterion

for autoimmunity, as outlined in the above review, is self-perpetuation.
Autoimmunity implies that self-antigen is stimulating antibody production
and that antigen-antibody complexes are formed.

In order to have the

above reactions take place in autoimmunity, modified self-antigen,
sequestered antigen or abnormal antibody-producing tissue are elicited.
In this manner, host tissues, which are responsible for the immune
mechanism, no longer recognize self-antigens.

Therefore, a self-

perpetuating mechanism would occur as long as there is antigen present.
Current evidence does not support the theory of autoimmunity in anaplas
mosis because the criteria as outlined by Damashek (1965) have not been
established.
Autoimmune phenomenon have been reported responsible for the anemia
of anaplasmosis (Ristic, 1961; Krier, Ristic and Schroeder, 1964;
Schroeder and Ristic, 1965a, b);

These investigators implied that anti

body is produced by the host against its own erythrocytes, due to
alterations caused by A. marginale. Similar implications were applied to
drug-induced thrombocytopenia.

However, Shulman (1963) found that the

antibody produced during the disease was directed against the drug
employed.

Thus, the platelets were removed, not because of platelet

alteration per se, but due to their drug-covered surfaces.

Whether

soluble antigen, found in the peripheral circulation of Anaplasmainfected cattle (Amerault and Roby, 1965) induces an analogous situation .
in anaplasmosis has not been proven.

It has been shown that the surface

characteristics of erythrocytes are altered during anaplasmosis
(Dimopoullos and Bedell, 1960, 1965; Dommert, 1963).

The observation

that non-infected erythrocytes are phagocytized lends credence to the
theory that red blood cells have altered surfaces as a result of being
coated with antibody (Ristic, 1961) or chemical alteration (Dimopoullos
and Bedell, I960).

An antigen-antibody complex has also been found in

blood from infected calves (Ristic, I960).

In the normal course of events,

the complex would be removed from the peripheral circulation by the

reticuloendothelial system, taking the erythrocytic carrier with it.
On the other hand, antigen-coated erythrocytes may also be removed in the
same manner--the host reacting to a "non-self" antigen--and thus an antigenantibody complex may not be needed (Damashek, 1965).
Theories for the autoimmune phenomenon in anaplasmosis have not
i
been supported in the work by Brock _et al. (1965). They used the same
methods as Ristic (1961) and could show no evidence for autoimmunity.
The question on the nature of anemia in anaplasmosis remains
unanswered, and warrants further research.

Presently, it is to be con

cluded that the "autoimmune phenomenon" may exist in anaplasmosis.
However, the results of immunologic experiments designed to foster the
above theory are inconsistent and do not meet the requirements as outlined
by Damashek (1965).
3.

Serodiagnosis.

Before the advent of serodiagnosis in anaplasmosis, the disease
was diagnosed only on the basis of Giemsa-stained blood films.

Recently,

Ristic (1962) has reported on the development of a capillary tube
agglutination technique for the diagnosis of anaplasmosis.

The CF pro

cedure as outlined by Gates et al. (1955) is still the standard procedure
used.
Rogers and Dimopoullos (1963) reported that a highly purified
preparation of the CF-antigen used for detection of anaplasmosis gave
less anticomplementary activity than other antigens.
Attempts at immunizing cattle against anaplasmosis have not met
with much success.

Recently, however, Brock, Kliewer and Pearson (1965)

have introduced a trial vaccine to be used in prophylactic immunization
of cattle.

Results on the efficacy of this vaccine are still pending.

C.

Anaplasma Antigens.

A survey of the literature has revealed many reports of attempts
to prepare purified cell-free antigens of A. marginale. Many of these
findings dealt with the production of antigens to be used in the CF test
(Gates et al., .1954).
The production of a more purified CF-antigen for anaplasmosis has
been reviewed by Gates et al. (1954).

The greatest problems found were

the presence of anticomplementary activity due to cellular debris and
hemoglobin which made interpretations of CF tests difficult.

Franklin,

Heck and Huff (1963) reported on a method involving.the inoculation of
cattle with large volumes of infected red blood cells so that maximum
parasite density was obtained 4-5 days after inoculation.

The antigen

was precipitated with CC^-saturated water and washed by centrifugation
to remove hemoglobin.

Antigenic activity correlated well with the degree

of parasitized erythrocytes collected.

It is further stated that the

preparation consisted of Anaplasma bodies (AB) but no tests were report
ed regarding the nature of this antigen.

Rogers,

Hidalgo and Dimopoullos

(1964) and Rogers and Dimopoullos (1965) reported on the fractionation,
purification and nature of the CF-antigen.

Hidalgo (1966) developed a

micro-CF procedure for diagnosis of anaplasmosis. ' Density gradient
sedimentation and differential centrifugation yielded CF-antigens with
the highest antigenic titer but, of the two methods, the latter was more
efficient.

Anticomplementary activity or hemoglobin were not present in

the purified preparations.

Giemsa-stained blood films and electron

microscopy showed no AB present in the CF-antigen but only an amorphous
material.

Trypsin and lipase caused loss of CF activity when the anti

gens were treated with the above enzymes which indicated the antigen was
a lipoprotein.

Apparently, it is the outer envelope of AB which •

constitutes the CF-antigen.
Reports dealing with the production of other types of Anaplasma
antigens have recently been published.

Ristic (1962) reported on a

capillary tube agglutination (CA) test for anaplasmosis using an antigen
which was prepared from sonically-disrupted infected bovine erythrocytes.
Antisera prepared in rabbits against potential pathogens of cattle,
i.e. Brucella abortus and Vibrio fetus, did not react with the CAantigen.
The CA-antigen is said to be a purified suspension of A. marginale.
However, no mention was made of Giemsa-stained preparations or examina
tions by electron microscopy in order to determine if erythrocytic
stromata or cellular debris contaminated the antigen.

Concurrently,

Welter and Zuscheck (1962) reported similar findings along with additional
data relating to the effects of heating, storage and enzyme treatments
on the antigenicity of CA-antigen.

They observed that heating at 66 C

for 1 hour destroyed antigenic potency; pepsin and trypsin also destroyed
the ability of the antigen to react with specific antibody.

Storage in

buffers at pH 4.8-8.6 did not alter its antigenic potency.

Subsequently,

Ristic and Krier (1963) reported further results of chemical and morpho
logical characteristics of the CA-antigen.

Electron microscopy revealed

spherical bodies surrounded by three membranes.

Papain, pepsin and

trypsin removed antigenic potency; however, lipase reduced the antigenic
titer by only 50-75 per cent.

They also reported that they were the

first to free and purify an obligate hemotropic parasite from erythro
cytes so that the preparation could be used as an agglutinogen.

However,

a number of reports, prior to the above, have been presented that- deal
with the preparation of cell-free, hemotropic parasites (Eaton, 1938;
Stauber and Walker, 1946; Sherman and Hull, 1960; Sherman, 1964).

Ristic, Mann and Kodras (1963) and Ristic and Mann (1963) reported
on the preparation, chemical, physical and serologic porperties of
soluble antigens prepared by solublizing precipitates obtained by
protamine sulfate and hydrochloric acid treatment of lysed infected ery
throcytes.

These reports dealt with the treatment of the antigens with

various enzymes, buffers, and temperature variation.

The effect of

treatment on antigenic potency was determined by the ability to form
precipitates.in serum taken from an infected calf.

Amino acid analysis

plus electrophoresis showed that soluble antigens prepared from infected
and normal erythrocytes were the same.

The only difference reported was

that soluble antigens prepared from infected erythrocytes reacted with
sera from infected calves.

Whether the precipitates prepared from lysed

infected cells contained AB was not reported.

II.

Malaria.
A. General.
Malaria is an acute and chronic infection characterized by fever,

anemia, splenomegaly and often serious or fatal complications.
caused by protozoa

It is

of the genus Plasmodium. Some of the pathogenic

species for man are P. vivax, P. ovale, P. malariae and P. falciparum,
whereas rodents harbor P. berghei, P. lophurae occurs in waterfowl and
P. gallinaceum is found in chickens.
The importance of malaria, a disease which affects over one-third
of the world's population is obvious.

However, after World War II, basic

research in the field of hemotropic diseases, especially malaria, declined
(Huff, 1965).

This was due to the complete reliance upon new chemo

therapeutic agents and insecticides to rid the world of malaria.
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Unfortunately, increasing frequencies of drug-resistant strains of
Plasmodium have occurred, complicating the eradication program (Gibson,
1966).
B.

Serodiagnosis.

Prior to the advances made in recent years in the fields of immu
nology and serology, the results of serologic diagnosis of malaria were
inconsistent due to the types of blood and tissue antigens employed
(Tobie, 1964).

Tests used were precipitation reactions (Pewny, 1918;

Taliaferro, Taliaferro and Fisher, 1927), CF (Thomson, 1919; Coggeshall
and Eaton, 1938), and agglutination (Eaton, 1938).
Recently, the advances in the field of immunology have led to
better and newer serologic techniques.

The use of the FA technique in

malarial research provides a reliable means for the detection of malarial
antibodies (Tobie and Coatney, 1961).

Kuvin et al. (1962) reported that

by the use of the indirect fluorescent antibody method, malarial anti
body could be assayed with a high degree of reliability.

The specificity

of malarial antibody has also been determined by the use of the FA
technique (Collins, Jeffery and Skinner, 1964a, b, c).
The development of a passive hemagglutination (HA) test for the
detection of malarial antibody has been reported by Stein and Desowitz
(1963).

This method has the possible advantage of detecting lower con

centrations of antibody when compared to the technique using FA (Tobie,
1964).

While recent studies (Tobie and Coatney, 1964; Lunn et al., 1965)

have measured antibody produced in malaria, little is yet known on the
basic immune phenomenon associated with this disease.
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C.

Immunolor y.

In the area of immunology, malariology has progressed very slowly;
most of the studies have been limited to serodiagnostic procedures.
However, the work of Taliaferro and Taliaferro (1955) represents a cul
mination of work in the immunology and histopathology of malaria.

They

reported phagocytosis of infected erythrocytes and parasite debris by
macrophages in the spleen, liver and bone marrow; destruction of lympho
cytes, macrophages and granulocytes; an increase of abnormally large
lymphocytes.

They also found that in terminal infections, the

spleen became depleted of lymphocytes.

However, in chronic malarial

infections a lymphoid hyperplasia occurred, compensating for any lymphoid
loss.
A point raised in the above report was the question of splenomegaly
in malaria as to whether this represented a true increase in living
tissue or an increase in fluid content of the organ.

The answer was

provided by Moulder and Taliaferro (1955) who showed, by.gravimetric and
biochemical assays, an increase in living tissue actually occurred with
in the spleen.
Active immunization studies in malaria have been discouraging.
Powell and Brewer (1964) reported that formalinized preparations of
P. vivax-infected erythrocytes did not induce protective antibodies
against mosquite-induced P. vivax infections.

The use of adjuvants plus

malarial antigen has produced partial immunity against malaria (Deschiens,
Pick and Sarauw, 1956).

If sporozoites are used as antigen, partial

protection against mosquito-induced malaria is observed, but not
against bloodrinduced infections.

However, immunity against sporozoites

does not mean immunity against blood-induced infections.
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Adult sera taken from people living in endemic malarial regions
have been fractionated and the gamma-globulin injected into children
suffering from acute malaria, with a resultant disappearance of para
sites from the peripheral circulation (McGregor, 1964).

Hence, passive

immunity has proven to be quite efficacious in malarial treatment.
Huff (1963) reported that immunity against malarial merozoites
does not confer immunity against pre-erythrocytic forms.

Thus, a person

may remain immune to malaria for a time, but suffer a relapse due to
developing liver stages of the parasite.
D.

Plasma-Proteins.

There have been few studies which have involved analyses of protein
changes in malaria.

Taliaferro (1941) reported that there was a decrease

in the concentration of gamma-globulin, whereas that of beta-globulin
increased.

Schinazi (1957) observed a fast-moving component in the

serum of pigeons infected with P. relictum which was probably pre-albumin.
Sherman and Hull (1960) showed fluctuations in all serum protein levels
during the course of P. lophurae infections in chickens.
One of the most interesting studies was that by Briggs, Garza and
Box (1959), who followed serum protein changes in mice infected with
P. berghei. The sera of infected mice showed an initial increase in
the beta-globulins.

However, gamma-globulins showed an initial low

concentration followed by an increase during the course of the disease.
The interesting aspect of this report was the comparison of serum pro
teins of untreated and primaquine diphosphate-treated mice.

During

the primary attack, treated mice showed lower beta- and gamma-globulin
levels than untreated mice.

Whether this phenomenon would have any

affect on immunity to P. berghei seems to warrant further study.

13
The only report on malaria which concerns immunoglobulin activity
is that of Abele et al. (1965).

They employed immunoelectrophoresis (IE)

and the FA technique to study antibody activity in blood-induced P. vivax
infections.

IE revealed the persistence of the gamma-M arc from 10-40

days after inoculation.

Separation of acute sera on diethyl-aminoethyl

cellulose (DEAE) columns revealed that 19S and 7S globulins possessed
antibody activity against P. vivax when assayed with fluorescent antibody.
E.

Autoimmunity.

Autoimmunity has been proposed as a possible reason for the anemia
observed in malaria (McGhee, 1964; Zuckerman, 1964b).

However, the

criteria for autoimmunity concern themselves with the terms "self-derived"
and "self-perpetuation" according to Damashek (1965).

It is difficult

to conclude that autoimmunity plays a major role in malaria, if the
conclusions are based on results of other workers (McGhee, 1964;
Zuckerman, 1964b).

A more thorough understanding of the immunologic

processes which occur in malaria is needed before definite conclusions
can be drawri regarding autoimmunity.
F.

Antigenic Analysis.

Antigens used in malarial research have been prepared from .various
sources, i.e. placenta, blood and other tissues (Tobie, 1964), but the
biggest problem has been in obtaining bulk quantities of material.
Plasmodial antigens prepared from infected avian erythrocytes present
a unique problem; once the erythrocytes are lysed, the parasites must
be freed from erythrocytic nuclei.
Two methods are most commonly used to prepare cell-free plasmodial
parasites.

The method of Trager (1959) employs immune-hemolysis of
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infected erythrocytes and has the advantage of leaving the parasite
viable.

However, exogenous proteins may contaminate the parasites making

them unsuitable for immunologic procedures.
The method of Sherman and Hull (1960) seems to provide the best
method for the preparation of parasites for immunologic analysis.
Saponin is used to lyse the erythrocytes and deoxyribonuclease (DNAase)
is. added to free the parasites from erythrocytic nuclei.

These para

sites have not been used in biochemical procedures because of the
probably deleterious activity of saponin.
Very few studies have been reported dealing with the separation of
plasmodial components.

Sherman and Hull (1960) found only two components

by paper electrophoresis of P. lophurae sonicated cell-free parasites.
Sherman (1964) later reported that P. lophurae had at least four com
ponents when analyzed by immunoelectrophoresis.

Similar findings were

made by Spira and Zuckerman (1962) who found six components of P. vinckei
when soluble parasite antigen was analyzed by IE.

Zuckerman (1964a)

also reported six components of P. berghei when analyzed by the above
method.

However, Banki and Bucci (1964) discovered 11 components of

P. berghei when analyzed by IE using antiserum prepared in rabbits by
sustained immunization with specific antigen.
<

G.

Plasma Protein Changes.

_.

Plasma is the fluid portion of blood and contains approximately
93 per cent water.
the balance.

Salts, proteins, lipids and carbohydrates make up

The proteins have been broken down into four main classes:

alpha-, beta-, gamma-globulins and albumin.

Changes in the concentra

tions of these proteins occur when the host is invaded by pathogenic
organisms or by artificial immunization and other physiologic stresses.
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These changes have been studied ratherintensively during
years with the result that much is known.

the past few

There are many methods

available to investigate these changes, but most are variations of
classic methods.
A method which enabled a study of plasma and serum proteins without
fractionation was that developed by Tiselius (1937).

This method was

called moving-boundary electrophoresis and enabled quantitation of the
protein.

The techniques for separation of plasma proteins by electro

phoresis have advanced considerably and supporting media such as agar,
paper and cellulose acetate now provide better separation and there is
also the advantage that the separated proteins can be stained and kept
as permanent records.

The electrophoretic method that provides the

greatest resolution is that described by Davis (1964) and employs poly
acrylamide gel as the electrophoretic supporting medium.

The advantage

lies in the fact that more emphasis is placed on size of molecules in
addition to shape and charge.
However, electrophoresis alone does not provide the means necessary
to study population changes within each globulin class.

The two

methods most commonly used to resolve the above problems are (1) immuno
diffusion (ID) where antigen and specific antibody are mixed in a gel
and allowed to react until precipitation bands occur and (2) immunoe1ectrophoresis (IE) where antigen is subjected to electrophoresis with
the subsequent addition of antiserum to a trough which parallels the
path of migration.
in the gel.

Diffusion occurs and arcs of precipitation are formed

Although "immunodiffusion" techniques were used frequently

before 1946 no one recognized that multiple precipitin bands might be
due to multiple simultaneously precipitating antigen-antibody systems.
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This fact was finally recognized by Oudin (1946) and his technique
involved only simple diffusion.

Ouchterlony (1949) and Elek (1949)

published their first findings regarding agar double diffusion.

This

method involves the incorporation of antigen and specific antibody into
agar,

both of which are separated by a "neutral" zone of agar.

Antigen

and antibody diffuse into the neutral zone, and where there are zones of
optimum proportions a precipitate is formed.

The credit far the theories

involved for double diffusion must be credited to Ouchterlony (Crowle,
1961).

The disadvantages of ID are that the reactions are limited to

precipitation and to the inability to resolve some antigenically~
identical substances.

,-=*

The above disadvantages are partially removed by IE.

This technique

relies on electrophoresis plus ID to separate and identify antigenicallyrelated substances.

It, too, has the disadvantage of being limited to

precipitating antibodies.
Grabar and Williams (1953) were the first to report on electro
phoresis followed by ID in the same slab of agar gel.
coined by Williams and Grabar (1955).

The term IE was

The micro-immunoelectrophoretic

technique was developed by Scheidegger (1.955) and this method has the
advantage of requiring less reagents as well as shortening the electro
phoretic and incubation times.

The report by Uriel and Grabar (1956)

described methods for staining the precipitates formed during ID and
IE, which paved the way for permanent storage and visualization.

IE

has been used extensively to show differences in serum globulins during
physiologic stress.

More important have been the studies of immuno

globulin response during immunization (Barth, McLaughlin and Fahey,
1965) and disease (Remington and Hackman, 1965).

IE has also played
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a major role in aiding the characterization of immunoglobulin structures
(Dreesman and Benedict, 1965) and genetic investigations (Dray, Potter
and Lieberman, 1965).
In those instances where no visible arc has formed after IE,
autoradiography can be employed.

Radioactive antigen is subjected to

electrophoresis, antiserum added, and after a suitable incubation time,
the slide is washed thoroughly and dried.

The slide is placed in

contact with a photographic film and after 1-4 weeks, the film is
developed.

By comparing the film with a stained IE slide, the radio

active substances can be identified (Crowle, 1961).
H.

Antibody Detection.

The host response to disease/or immunization is usually an anti
body response against the etiologic agent or antigen.

Various methods

have been employed to detect these antibodies and include CF, precipita
tion, agglutination, hemagglutination (HA).
Immunoglobulins have been fractionated by sucrose density-gradient
centrifugation (Svehag and Mandel» 1964), Sephadex filtration (Ishizaka
et al., 1965) DEAE (Strauss et al., 1964).

These methods involve

collection of immunoglobulins in sufficient quantity and purity to
enable studies on the antibody content of a particular fraction to be
carried out.

They are particularly amenable to experiments involving

the immune response following injection of purified antigen.
The HA reaction has the advantages of great sensitivity, ease of
performance, wide applicability and requires smaller amounts of antisera
and antigen (Stavitsky and Arquilla, 1958; Stavitsky, 1964).
Boyden (1951) first described the conjugation of various proteins
to tannic acid-treated erythrocytes and the agglutination of these
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protein-conjugated red cells by the corresponding specific antisera.
The technique for coupling proteins to red cells with bis-diazotized
benzidine was initially described by Pressman, Campbell and Pauling
(1942).

Since that time, these methods have been used in various

antigen-antibody systems (Stavitsky and Arquilla, 1958).
The HA test has certain limitations, namely it lacks reproducibility,
it is qualitative rather than quantitative in nature, and occasionally
non-specific.

The lack of reproducibility could be due to the use of

different batches of red cells, changes in storage and different
interpretations in various laboratories (Stavitsky, 1964).

The use of

formalinized erythrocytes could increase reproducibility due to
alterations of cells after collection (Ciszmas, 1960).

Reproducibility

and'quantitation may be more accurate by determining the amount of
serum that agglutinates 50 per cent of the erythrocytes.

This may be

accomplished by means of a hemocytometer, photometer or electronic cell
counter (Mengoli, Pruitt and Carpenter, 1963; Solomon, Gibbs and
Bowdler, 1965).
Antigens may also be detected by the use of hemagglutinationinhibition (HI) techniques.

Homologous antigen is diluted and aliquots

of the diluted antigen are incubated with the specific antisera.
Sensitized cells are added, and the inhibition of HA is noted.

If the

HA titer of unadsorbed sera is known, the difference between adsorbed
and unadsorbed sera will give an estimation of the concentration of
antigen.

This technique can also be used to test the specificity of an

HA system (Stavitsky, 1964).

MATERIALS AND METHODS

I.

Experimental Animals and Antigen Production.
A. Calves and Anaplasma Marginale Production.
Experimental calves were obtained from local livestock auctions

and dairy farms.
in screened barns.

They were separated into small groups and maintained
Calves ranged from 7 days to 4 months of

of mixed breeds and sexes.

age

andwere

Very young calves were fed nursing and starter

rations until 3 months of age when they were placed on an 18 per cent
protein feed; grass hay and water were fed ad lib. All animals were
splenectomized at least 2 weeks prior to inoculation with 10-20 ml of
blood from a carrier previously infected with A. marginale. This strain
of Anaplasma has been maintained at LSU for approximately 25 years.
Blood was collected from calves which showed 50 per cent or more
of their erythrocytes to contain AB.

Heparin sodium solution (1000

U.S.P. units/ml) was employed as the anticoagulant at a concentration
of 0.3 ml per 50 ml blood.
Erythrocytes were recovered by centrifugation and plasma plus
buffy coat removed by aspiration.

The cells were washed and the AB

removed by differential centrifugation as outlined in Figure 1.

A

solution of 0.9 per cent sodium chloride solution shall be referred
to as saline in this report.

19

20

Infected
Washed Red Biood Cells

Sonic Vibration
1300 x

15 min., 4 Co

Sediment
(intact erythrocytes)

Supernatant Fluid
1935 x

Sediment
(cellular debris)

Supernatant Fluid
30000 x

Sediment

20 min., ^ C

20 min., 4 C.

Supernatant Fluid

Washed 5^ with saline,
30000 x gj 20 min0, k C,

Sediment

Supernatant Fluid

Resuspended 1:8 in saline

t

30000 x g, 20 mino, ^ C

Sediment
(Anaplasma antigen)

Supernatant Fluid

Figure 1„ rScheme for preparing cell-free A. marginale.

Albino male mice, CD-I strain (Charles River Breeding Laborator
ies, Wilmington, Mass,) which were 6 weeks of age were maintained in
air-conditioned housing and kept in cages containing 25-50 mice.

Purina

Laboratory Chow and water were given ad lib.
These mice were employed in order to maintain and cultivate
Plasmodium berghei, originally obtained from Dr. Geoffery M. Jeffery,
Laboratory of Parasite Chemotherapy, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda, Md.

They

were inoculated intraperitoneally.(IP) or intravenously (IV) via the
tai1-vein routes with 0.15 ml of whole blood that contained at least 80
per cent infected erythrocytes.

Mice were exsanguinated by cardiac

puncture 5-7 days after inoculation when the percentage of infected
erythrocytes was usually 90 per cent. .Blood was collected in heparin
sodium solution as described in Sect. I-, A,

The procedure used for the
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purification of P. berghei is described in Sect. I, F.
C.

Rats.

Albino, male rats, 6 weeks old, CFE strain (Carworth, Inc.,
New City, Rockland County, New York) were housed under the same conditions
used for mice and were separated in groups of 10 per cage.

The differ

ence in treatment of mice and rats was that the latter received' 0.2 ml
of infected whole blood via the IP route.

Blood -was collected and

P. berghei purified according to the method described in Sect. I, F.
D.

Ducklings.

Three-day old Pekin ducklings (The Ridgeway Hatcheries, La Rue,
Ohio) were maintained in screened housing and kept in groups of 20 and

the parasites -freed according to the method of Sherman and Hull (1960).
A modification of this method was that 0.0001 per cent saponin was used
to lyse mouse and rat erythrocytes instead of 0.15 per cent as shown in
Figure 2.

The difference in treatment of P. berghei and P. lophurae

was

that DNAase (Nutritional Biochemical Corp., Cleveland 28, Ohio)

had

to be added to avian

erythrocytic debris inorder to liberate

P. lophurae. The enzyme concentration used was 500 ug per ml which
destroyed the erythrocyte nuclei.

As shown in Figure 2, if prepara

tions of P. berghei were being prepared, saponin treatment and appro
priate washings
The

were all

buffer used was made

that were required forfreeing the organism.
up as follows: anhydrous magnesium sulfate

0.185 g, magnesium chloride hexahydrate 0.40 g, sodium chloride 3.30 g,
potassium chloride 4.40'g, dibasic sodium phosphate 2.90 g, monobasic
potassium phosphate 0.67 g, sodium bicarbonate 0.33 g, and glucose
2.50 g, dissolved in one liter of distilled'water.

G.

Hemagglutination Antigens.
1.

Anaplasma and Plasmodium Antigens.

A volume of 10 ml of cell-free Anaplasma or Plasmodium'
parasites was pipetted into a 2.5 x 40.0 cm test tube and placed into
a water-bath at 100 C for 1 hour with occasional stirring.

The mixture

was clarified at 30900 x £ for 60 minutes at 4 C, the supernatant
fluid decanted and stored at -20 C until used.

This antigen was

designated as "heated" antigen.
Cell-free parasites were subjected to ultrasonic vibration at

8 amps for 60 seconds at 4 C with a Branson Sonifier (Branson' Instru
ments, Inc., Stanford, Conn.).

The sonicated antigens were clarified
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Infected
Washed Red Blood Cells

Saponin 0.15#
39 C.. 15 min.

Buffer added 2.5 volumes
per packed cell volume.

2040 x g, 10 min., 4 C.

Supernatant Fluid

Sediment
r
Washed -with buffer until
hemoglobin removed;
2040 x g, 10 min., 4 C.
' —

Supernatant Fluid

Sediment
P. lophurae

P. berghei
(cell-free)

Resuspend in 9 ml buffer
DNA-ase added
39 C., 20 min.
—

2040 x g, 10 min., 4 C.

Supernatant Fluid

Sediment

Washed 3^ in buffer,
2040 x g, 10 min., 4 C,

Supernatant Fluid

Figure 2.

Sediment
(P. lophurae)

Scheme for preparing cell-free P. berghei and P. lophurae.
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by centrifugation at 50000 x £ for 20 minutes at 4 C.

The supernatant

fluid from the Anaplasma preparation was removed and stored at -20 C
until used.

Plasmodial supernatant fluids, however, were lyophilized

before storage at -20 C„

Both preparations were designated as "protein”

antigens.
Partially-purified preparations of AB were adjusted to pH 10.0
with 0.02 N NaOH and incubated for 18 hours at 37 C.

The resulting

suspension was titrated to pH 7.2 with 0.2 N HC1 and clarified at
105000 x

for 1 hour at 4 C.

The supernatant fluid which was designated

as "alkaline" antigen was stored at -20 C until used.
2.

Eperythrozoon wenyoni i.

The presence of natural infections of E. wenyonii in some
of the experimental calves raised the question of possible development
of cross-reacting antibodies between E. wenyonii and Anaplasma. This
necessitated the development of a serologic procedure in order to
answer the above question as well as to detect carrier animals.

A test

which was employed, the passive HA procedure, involved tannic acidtreated erythrocytes.

The antigen used was prepared according to the

scheme shown in Figure 3.
Protein determinations were made in order to assay the optimum
amount of antigen which would not give non-specific agglutination of
protein-coated erythrocytes.

These estimations were made using the

Beckman-DB Spectrophotometer to obtain the OD ratio at 260:280 mu.

The

amount of protein in a given sample was determined from a nomograph and
dilutions made accordingly.
In order to determine the optimum concentration of antigen for use
in HA which would not give non-specific agglutination, the amount of
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Washed Red Blood Cells

Lysed M/l5 phosphate
buffer pH 8.0

1020 x

20 min., 4 C.
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Supernatant Fluid
34800 x

20 min», 4 C,
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Supernatant Fluid

Washed M/l5 phosphate
buffer to remove hemoglobin
34800 x g, 20 min., 4 C.
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Supernatant Fluid

Sonicate

Centrifuge
34800 x g, 20 min.. 4 C.

Supernatant Fluid
(antigen)

Figure 3»

Scheme for preparing E 0 wenyonii antigen.

Sediment
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carbohydrate in ’’heated" antigens was calculated as glucose according
to the method of Montgomery (1961).

Two ml of sample were placed in a

2.5 x 40.0 cm test tube which was followed by the addition of 0.1 ml of
an 80 per cent aqueous phenol solution.

A volume of 5.0 ml of concen

trated sulfuric acid was added to the above solution at a rate of
approximately 1 ml per second.

The color was allowed to develop for

30 minutes after which the OD was read at 490 mu.

A standard curve

was plotted using solutions that contained 1, 5, 10, 25 and 50 ug of
glucose per ml.

II.

Preparation of Immune Sera.
White, New Zealand rabbits weighing between 2.5-3.0 Kg were housed

individually in cages in air-conditioned quarters.

Nutrena Rabbit Chow

and water were given ad lib. These rabbits were employed to produce
antisera against acute and convalescent sera obtained from infected
ducks and calves as well as against cell-free P. lophurae and A. marginale.
Test bleedings were obtained from the marginal ear veins and the animals
exsanguinated by cardiac puncture.
A.

Antiserum for Acute and Convalescent

An

initial dosage of 0.5 ml of serum was

injected via theIV

a marginal ear vein.

made every threedays,

route in

Injections were

Sera.

increasing the dosage by 0.5 ml until a total of 2.5 ml had been given.
The rabbits were test bled 5 days after the last injection and the
precipitin titer determined by the interfacial ring test.

The rabbits

were rested for 21 days after the last injection and the same immuniza
tion procedure repeated.

However, the second immunization schedule

was preceeded by a subcutaneous injection of 0.1 ml of serum 18-24 hours
before the first immunizing dose was given in order to prevent anaphylact
shock.
B.

Anti-P. lophurae Serum.

Cell-free parasites were diluted with saline to give 9 x 10^
organisms per ml.

Rabbits were inoculated via the IP or IV route in a

marginal ear vein.

The dosage was 2 ml every 4 days until a total of

6 ml was administered.

Test bleedings were made from the marginal ear

vein 6 days after the last injection.
C.

Anti-A. marginale Serum.

Partially-purified AB were prepared as outlined in Figure 1.
However, since cell-free AB have a tendency to clump, they were dis
persed by drawing and expelling the sample through a No. 16 cannula
fitted to a 20 ml glass syringe.
inoculated IP into rabbits.

One ml of the above suspension was

This dosage was repeated every 5 days until

a total of 4 ml had been given.

III.

Serologic and Immunologic Assays.
A.

Passive Hemagglutination.

The procedure described by Campbell et al. (1964) was employed
to coat sheep erythrocytes with "protein" antigens.

This technique

involved collecting and washing of sheep erythrocytes, suspending the
erythrocytes in phosphate-saline, pH 7.2, sensitizing by tannic acid
treatment, coating the sensitized erythrocytes with "protein" antigen
and suspending the coated erythrocytes in 1 per cent normal rabbit
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solution in order to prevent spontaneous hemagglutination

of the coated erythrocytes.
A method was developed which enabled washed sheep erythrocytes
to be coated with "heated" antigens (described in Sect. I, G, 2).
Sheep blood was collected in citrate-saline, sedimented by centrifugation
and the plasma plus buffy layer removed by aspiration.

The erythro

cytes were washed three times in saline by centrifugation at 1000 x
for 5 minutes at 4 C and resuspended in saline to give a 2 per cent
concentration.

A 1:1 ratio of antigen to 2 per cent erythrocyte

suspension were incubated at 37 C for 30 minutes.

Coated cells were

centrifuged at 1000 x £ for 5 minutes at 20 C, washed once and diluted
in 1 per cent normal bovine serum to give an erythrocyte concentration
of 0.3 per.cent.
Diluents used in this study were normal rabbit serum (NRS) and
normal bovine serum albumin (BSA) (Fraction V, Bvo-262, Pentex Inc.,
Kankakee, 111.) in order to prevent spontaneous hemagglutination of
coated erythrocytes.

Both NRS and BSA were diluted in saline to give

a 1 per cent concentration of diluent.
NRS was inactivated at 56 C for 30 minutes, adsorbed 1:1 with
*

normal, washed erythrocytes for 10 munites and the erythrocytes removed
by centrifugation at 1000 x £ for 3 minutes at ambient temperature.
B.

Antibody Titration.

Antibody titers of various antisera were assayed by means of
the "Micro-Titer System" manufactured by Cooke Engineering Company,
Alexandria, Va.

The equipment consisted of disposable plastic or

plexiglass plates 8.13 x 12.5 cm containing 96 "V" bottom wells,

calibrated pipette droppers capable of delivering 0.025 ml, stainless
steel transfer loops calibrated to contain 0.025 ml and transfer loop
test blotters.
Diluent in 0.025 ml quantities was placed into each well and
serial 2-fold dilutions were made of all sera to be tested.

The wells

were charged with 0.025 ml of coated erythrocytes and incubated at
ambient-temperature or 4 C in a moist chamber.

Readings were made at

3 and 12 hours after incubation with a Bausch and Lomb dissecting
microscope.

C.

Hemagglutination-Inhibition.

The specificity of the hemagglutination reactions was determined
by hemagglutination-inhibition (HI).

Various dilutions of soluble

antigens (clarified supernatant fluids as described in Sect. I, G) were
mixed with 1:5 dilutions of antisera and incubated for 30 minutes at
37 C.

They were centrifuged at 770 x jg for 60 minutes at 4 C and serial

2-fold dilutions prepared.

Erythrocytes coated withantigen were

to adsorbed and non-adsorbed sera.

added

Plates were incubated and read as

described above.
D.

Immunodiffusion.

Immunodiffusion (ID) as described by Crowle (1961) was employed
in order to determine serum protein changes in normal, acute and con
valescent sera.

Difco Noble Agar was made up to a 2 per centconcentra

tion in barbital buffer (514 ml of 0.025 M barbital, 50 ml of 0.5 M
sodium barbital, 50 ml of 0.5 M sodium chloride plus distilled water to
make 1 liter of solution) at pH 8.2, 0.05 ionic strength and heated to
100 C.

Twenty ml of melted agar were poured into petri plates, allowed
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to harden and wells cut into the agar using a No. 1804 agar cutter
(Consolidated Laboratories, Inc., Chicago Heights, 111.).

Before the

wells were filled with antigen and antisera, a drop of melted agar was
added to the bottom of each well in order to prevent diffusion between
the petri plate and agar.

After the wells were filled, the plates were

incubated in a moist chamber at 4 C for 7 days and observed at least
once daily.
E.

Immunoelectrophoresi s.

Immunoelectrophoresis (IE) as described by Sheidegger (1955)
was employed as a further aid in identification of changes of normal,
acute and convalescent serum proteins.
The patterns were cut into the agar by a LKB No. 6810A pattern
cutter (LKB Instruments, Inc., Washington, D. C. 20014).
was carried out with a voltage of 6-8 v/cm for 1 hour.

Electrophoresis
The electrolyte

used was barbital buffer as described above (Sect. Ill, D).

Antiserum

was added to the troughs in the agar and the slides incubated in a moist
chamber for 2 hours at ambient temperature and an additional 46 hours at
4 C.

At the end of 48 hours, they were washed in saline for 24 hours

and dried at 37 C with an overlay of wet filter paper to prevent cracking
of the agar gel.
The slides were stained for 12 hours in the following solution:
Amido Black B i g , glacial acetic acid 75 ml, glycerol 150 ml and dis
tilled water to make 1000 ml solution.

They were washed three times for

one hour in a solution composed of 20 ml of glacial acetic acid, 150 ml
glycerol, and distilled water to make 1000 ml of solution and subsequent
ly stored or photographed.
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IV.

Electrophoresis,
Soluble parasite antigens were subjected to electrophoresis in an

attempt to separate antigenic components.

Sera from normal, acute and

convalescent animals were also subjected to electrophoresis in order to
determine if any major differences could be observed within the globulin
fractions.

A.

Cellulose Acetate.

Thei method used was that as described by Scherr (1961).
Sepraphore III strips (Gelman Instrument Co., 600 South Wagner Road,
P.O. Box 1448, Ann Arbor, Michigan 48106), 2.5 x 13 cm, used as the
supporting medium, were soaked in barbital buffer, pH 8.6, 0.1 ionic
strength (barbital 1.5 g, sodium barbital 10.8 g, distilled water to
make 1000 ml) for 4-12 hours and blotted gently before use.

Samples,

in 5-10 ul amounts, were applied to the strips approximately 8 cm from
the cathode end by the use of a capillary pipette and subsequently placed
in a Durham electrophoresis cell.
1:5 for use as the electrolyte.

The buffer described above was diluted
A potential of 6 v/cm was applied to

the strips for 2 hours at ambient temperature using a Heathkit PS-4
regulated power supply (Heath Co., Benton Harbor, Mich.).

Reference

dye was added at the point of sample application in order to follow the
electrophoretic migration.
At the end of electrophoresis, the strips were dried between
blotting paper and stained for 1 hour with Amido Black B reagent con
taining 1 g dissolved in 100 ml of 7.5 per cent glacial acetic acid
solution.

Subsequently, they were rinsed in 7.5 per cent glacial acetic

acid until excess stain was removed.
in white oil for visualization.

The strips were dried and cleared
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B.

Disc Electrophoresis.

The method as described by Davis (1964) was employed in order
to allow a more complete analysis of antigen and serum components than
is possible with cellulose acetate electrophoresis.

The supporting

medium used was polyacrylamide gel formed by adding monomers of
acrylamide to the electrophoresis tubes and using light as the catalyst
for polymerization.

There are three types of gels used, one layered on

top of the other beginning with the sample gel, a spacer gel and a sep
aration gel.
A modification of the original method described by Davis was used
which involved the application of current at the rate of 4 mA
for 90 minutes.

per tube

The extent of electrophoretic migration was determined

by observation of a dye front.
Upon completion of electrophoresis, the gels were removed by forcing
distilled water between gel and glass tube by means of a No. 24 cannula
fitted to a 2 ml glass syringe.

The gels were placed into tapered

tubes, immersed in 7.5 per cent acetic acid solution containing 1 g of
Amido Black B for 1 hour and reinserted into the upper bath.

Both lower

and upper baths were filled with 7.5 per cent glacial acetic acid
solution.

A current of 5-10 mA

was removed from the gel.

per tube was applied until excess dye

Subsequently, the gel was placed into 7.5

per cent glacial acetic acid solution for visualization.

IV.

Photography.
Two camera systems were employed in order to facilitate inter

pretation of ID and IE patterns.

They were a Canonflex RM equipped

with a 50 mm, f 1:1.8 lens and extension bellows (Bell & Howell,
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Chicago 48, 111.) and a "Crown” Graphic equipped with a 135 mm, f 1:4.7
lens (Graflex, Inc., Rochester 8, New York).

Kodak Panatomic-X, Kodak

Plus-X Pan and Polar Polaroid P/N Type 47 film were employed which
enabled enlargements to be made without interference caused by film
grain or loss of acutance.
In order to compensate for decreased light reaching the film due
to bellows extension, the following formula was used:

.
Indicated f-value x lens to film distance
effective f-value-------------- fecal length--------------•

The exposure index was determined, in some cases, by reference
to the Kodak Master Darkroom Data Guide.
Pictures were printed on Kodak Medalist or Kodabromide papers,
the grade of which was determined by the density of the negative or
contrast of print desired.

RESULTS AND DISCUSSION

I.

Introduction.
The principal objective of this investigation was to ascertain the

immunochemical relationships between A. marginale and Plasmodium. This
research was prompted by the results obtained by Rogers and Dimopoullos
(1963) who showed cross-reactions between A. marginale and Plasmodium sp.
by FA techniques.

The initial problem involved the preparation of soluble

antigens from cell-free parasites which ultimately could be used in an
HA test.
Various investigators (Taliaferro and Taliaferro, 1955; Briggs
et .al., 1960; Dimopoullos et al., I960; Murphy et al., 1964, 1965) have
shown that serum protein fluctuations occur in animals infected with.
Anaplasma and Plasmodium. However, only Abele et jjd. (1965) and Murphy
et al. (1964; 1965) reported IE assays of serum protein changes in hosts
infected with the above organisms.

As a secondary objective, sera ob

tained from animals infected with A. marginale, P. lophurae and P. berghei
were subjected to disc electrophoresis, ID and IE in order to study serum
protein changes.

II.

Electrophoresis of "Protein” Antigens.
"Protein” antigens prepared from cell-free parasites (Sect. I, G)

were employed in order to determine whether separation by electrophoresis
would reveal components possessing similar mobilities.
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This finding
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would lend support to the possibility that antigens possessing similar
charge and structure could exist among the three organisms.
A.

Cellulose Acetate Electrophoresis.

The first problem encountered was that the material prepared from
AB, P. lophurae or P. berghei as ’’protein" antigens did not exhibit
extensive separation on cellulose acetate when Amido Black was employed
for staining the strips.

AB and P. lophurae showed one spot located

at the site of sample application, while no spots were observed for
P. berghei. By using Nigrosin, which has an increased affinity for .
protein, one spot was observed for both AB and P. berghei at the site
of sample application, while P. lophurae showed two spots - one located
at the site of sample application, while the other was located 1 cm
toward the anode.

This finding for P. lophurae is in agreement with

the results of Sherman and Hull (1960) who used a similar preparation.
It was assumed that the above results obtained with P. lophurae
antigen might indicate two main groups of parasite components, each
group consisting of various fractions.

The possibility also presented

itself that the use of.cellulose acetate was not the best medium for
separating the preparations of antigens employed; hence, another method
of electrophoresis was selected.
B.

Disc Electrophoresis.

Polyacrylamide electrophoresis conducted in small, glass tubes
is commonly called disc electrophoresis.

This method has the advantage

of concentrating the sample into a thin zone before actual electrophoretic
separation takes place (Ornstein, 1964).
"Protein" antigens of AB, P. lophurae and P. berghei, which were
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subjected to disc electrophoresis, revealed at least 12 bands for both
AB and P. lophurae while 6 bands were observed for P. berghei.

The

results obtained with preparations of P. lophurae, AB and P. berghei
are illustrated in Figure 4.

Hemoglobin is indicated by "h" and was

observed in a number of P. lophurae separations.

Whether the correspond

ing region of A. marginale preparations is also hemoglobin could not
be ascertained by the staining procedure.
The scarcity of bands observed in preparations of P. berghei may
have been due to lack of sufficient protein.

Therefore, CFE rats

(Sect.- I, C) instead of mice were inoculated to obtain larger quantities
of organisms.

The strain of P. berghei employed was mouse-adapted and

was capable of producing a high degree of infection only in mice and
young rats.

Attempts to inoculate adult rats with this strain did not

produce an infection with a large number of infected erythrocytes.
However, a change in the number of bands was not observed when disc
electrophoresis was employed as before.

Banki and Bucci (1964) reported

11 components of P. berghei as determined by IE, whereas Sodeman and
Meuwissen (1966) observed 21 components of a rat-adapted strain of
P. berghei employing disc electrophoresis.

The above reports also con

fined themselves to similar preparations as used in the present study.
Sodeman and Meuwissen (1964) also reported that their preparations of
P. berghei contained intact white cells and white cell debris.

Contam

inants of this nature were not found in any of the parasite preparations
which were stained with Giemsa stain.
Sherman (1964) observed only 4 bands, as analyzed by IE, which
were attributable to preparations of P. lophurae after solubilization
by ultrasonic disruption.

The separation of P. lophurae antigen as

Figure

Diagrams of "protein" antigens of Pc berghei, PD lophurae and
A0 marginale after separation by disc electrophoresis,,

+

P. berghei

P. lophurae

A. marginale

a
h - Region -where hemoglobin -was found in some P. lophurae antigens0
Bands are indicated by single lines, cross-hatching and shaded areas,,
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fractionated by disc electrophoresis (Figure 4) indicated that the organism
was more complex than had been previously believed.

The findings present

ed here demonstrate the more complex nature of soluble AB as analyzed
by disc electrophoresis when compared to the report of Ristic and Mann
(1963) who employed IE.

III.

Immunologic Studies.
The above results demonstrated that P. lophurae and AB exhibited

bands which possessed similar electrophoretic mobilities and suggested
that the two orgnaisms might contain related substances.

In order to

test this relationship the HA technique employing the "Micro-Titer
System" was chosen as the method for antigenic analysis of Anaplasma
and Plasmodium.
A. "Heated" Antigens.
The impetus for preparing this type of antigen was based on the
preparation of "0" antigen for Salmonella in which the flagella proteins
are destroyed when the organisms are heat-killed (Campbell et al., 1963).
Cell-free parasites were killed in a water-bath at 100 C for 1 hour
and clarified by centrifugation (Sect. I, G).
were clear and yellow in color.

The supernatant fluids

When these antigens were assayed for

carbohydrate content, determined as glucose, the preparations of
P. berghei, AB and P. lophurae contained an average of 25 ug per ml,
155 ug per ml and 600 ug per ml respectively.
Normal, washed, sheep and duck erythrocytes were coated with antigen
and HA tests were carried out utilizing 1 per cent BSA as diluent.

All

sera employed were adsorbed with sheep, mouse and duck erythrocytes.
Duck erythrocytes were utilized in the HA test because they settled out
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faster than sheep erythrocytes and enabled the reading of patterns to
be made in a shorter time.

The antigen concentrations employed for

coating erythrocytes weie 155 ug of AB 100 ug of P. lophurae and 25 ug
of P. berghei.
Results of HA and HI procedures which employed "heated" P. lophurae
antigen when tested against normal and acute duck serum pools are shown
in Table 1.

The acute serum pool represented samples from 50 ducks

obtained during the acute phase of P. lophurae infections.

Individual

samples assayed showed a range of titers from 1:10-1:20480.

The HI

results demonstrated that the test was specific for the antigen employed
as evidenced by the reduction in titer.
"Heated" A. marginale antigen was tested against normal and acute
bovine serum pools and the results are shown in Table 2.

The acute

serum pool represented samples collected from 20 calves during the peak
phase of anaplasmosis and individual HA titers ranged from 1:10-1:160.
The specificity of the system was demonstrated by the reduction in titer
when the HI test was conducted.
Negative results were obtained when "heated" P. berghei antigen
was employed using normal and acute mouse sera as well as with duck and
bovine sera.

If negative results had been obtained with duck and bovine

sera only, the assumption could then be made that P. berghei "heated"
antigen was not similar to corresponding preparations of P. lophurae
and A. marginale. However, a negative HA test with mouse serum probably
indicated lack of sufficient antigenic material in the "heated" prepar
ation or lack of antibody in the sera assayed.
Tables 3 and 4 show the results of adsorption studies wherein
"heated" antigens of P. lophurae and A. marginale were employed.
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- -Table 1.

Summary of results of passive hemagglutination and hemagglu
tination-inhibition procedures, which employed erythrocytes
coated with "heated" P. lophurae antigen and "heated" P.
lophurae antigen as the adsorbing agent when tested against
acute P. lophurae duck and normal duck serum pools.

Acute Duck Serum Pool
Titer3

HA

HIb

Normal Duck Serum Pool
HA

HI

3+

_

_

20

+

40

4+

1+

-

80

4+

±

-

160
320

4+

-

-

4+

-

-

640

4+

-

-

1280

4+

-

-

2560

4+

-

-

5120

3+

-

-

10240

1+

-

-

20480

+

-

—

-

-

-

aTiters expressed as reciprocals of dilutions.
Hemagglutination-inhibition results after adsorbing serum with
"heated" P. lophurae antigen.
Numbers 1-4 indicate degrees of hemagglutination: 4+ complete
hemagglutination, 1+, 2+, 3+ varying degrees of hemagglutination,
- negative hemagglutination.
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Table 2. Summary of results of passive hemagglutination and hemagglutination-inhibition procedures, -which employed erythrocytes
coated with "heated" A. marginale antigen and "heated" A.
marginale antigen as the adsorbing agent -when tested against
acute A. marginale bovine and normal bovine serum pools.

Acute Bovine Serum Pool
Titer®

HA

HIb

Normal Bovine Serum Pool
HA

HI
i

10

4+

20

4+

-

-

-

40

4+

-

-

-

' 80

2+

-

-

-

160

+

-

-

-

-

-

-

-

-

320

1+

640

-

1280

-

-

-

-

2560

-

-

—

—

aTiters expressed as reciprocals of dilutions.
Hemagglutination-inhibition titers after adsorbing sera with "heated"
A. marginale antigen.
Numbers 1-4 indicate degrees of hemagglutination: 4+ complete
hemagglutination, 1+, 2+, 3+ varying degrees of hemagglutination,
- negative hemagglutination.

Table 3°

Summary of results of passive hemagglutination and hemagglutination-inhibition procedures
■which employed ^'heated*' P. lophurae coated erythrocytes and "heated" A0 marginale antigen
as the adsorbing agento. These antigens were tested against acute P. lophurae duck, acute
A. marginale bovine, normal duck and bovine serum pools„
1

Titer3'

Acute P. lophurae
Duck Serum Pool
HA

Normal Duck
Serum Pool

HIb
■+

8

Acute A. marginale
Bovine Serum Pool

Normal Bovine
Serum Pool

HA

HA

HI

_

4+

+

3+

-

-

-

-

-

-

HA

16

—

4+

-

32

4+

4+

-

64

4+

4+

-

128

4+

4+

-

-

-

-

256

4+

4+

-

-

-

-

512

4+

4+

-

-

-

-

1024

4+

-

-

-

-

2048

4+

1+
+

-

-

-

-

4096

4+

-

-

-

-

-

8192

1+

-

-

-

-

-

—

—

—

—

—

16384

1+
+

aTiters expressed as reciprocals of dilutions,
^Hemagglutination-inhibition titers after adsorbing serum with "heated" A. marginale antigen.
Numbers 1-4 indicate degrees of hemagglutination: 4+ complete hemagglutination, 1+, 2+, 3+ varying
degrees of hemagglutination, - negative hemagglutination.

i
(

Table

Summary of results of passive hemagglutination and hemagglutination-inhibition procedures
which employed "heated" A„ marginale antigen coated erythrocytes and "heated" P. lophurae
antigen as the adsorbing agento These antigens -were tested against acute P„ lophurae duck,
acute Ac marginale bovine sera as well as against normal duck and bovine serum pools»

Acute Po lophurae
Duck Serum Pool

Titer3

HA

HIb

8

b+

+

16

Z|+

32

3+

6b

1+
+

128
256 .

—

Normal Duck
Serum Pool
HA

-

-

-

-

-

Acute Ac marginale
Bovine Serum Pool

Normal Bovine
Serum Pool

HA

il

HA

4+

1+

_

-

-

b+

-

-

-

b+

-

-

-

-

2+

-

-

—

—

—

—

—

aTiters expressed as reciprocals of dilutions,,
Hemagglutination-inhibition titers after adsorbing sera with "heated" P„ lophurae antigen,.
Numbers 1-^- indicate degrees of hemagglutination: 4+ complete hemagglutination, 1+, 2+, 3+ varying
degrees of hemagglutination, - negative hemagglutination«

■p>
-P-

t
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Since the specificity of the antigens was proven by the HI titers shown
in Tables 1 and 2, it can be assumed that the data shown in Tables 3
and 4 are also specific.

The exact origin of the antigens responsible

for the observed cross-reactions has not been ascertained.

One possi

bility might be that they represent common components utilized as
structural units in the cell membranes of the parasites.

Such a sit

uation would be analogous to cell-wall components found among a variety
of bacteria.
B.

"Protein” Antigens.

In order to further study the nature of the cross-reactions observed
above, sheep erythrocytes were sensitized with tannic acid before coating
with "protein" parasite antigens (Sect. I, G) and suspended in 1 per
cent NRS.
Initially, problems were encountered regarding non-specific agglu
tination of coated erythrocytes in all dilutions of serum as well as
in diluent.

This problem necessitated experiments which were designed

to determine the optimum concentration of antigen to be mixed with
sensitized erythrocytes.

The optimum antigen concentrations, which

when mixed with sensitized erythrocytes caused non-specific HA, were
found to be 63 ug, 12.5 ug and 15 ug per ml of protein for A. marginale,
P. lophurae and P. berghei, respectively.
The concentrations of adsorbing "protein" antigens were 126 ug
per ml for A. marginale, 50 ug per ml for P. lophurae and 30 ug per ml
for P. berghei. These values were chosen after experimentation proved
that the above concentrations would inhibit most of the antibody activity
upon incubation with immune serum at 37 C for 30 minutes.

Results
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obtained with homologous and heterologous systems employing "protein"
antigens and immune sera are shown in Table 5.
systems were proven by the HI test.

The specificities of the

Mouse antisera represented samples

obtained from 50 mice during the acute phase of P. berghei infections.
These results revealed that common "protein" antigens may be shared
between the three parasites and that these antigens were removed by the
fractionation procedure employed.
An inherent problem with these types of antigens were the number
of false positive reactions obtained.
serum ranged from 1:2-1:8.

The titers with some normal pool

Whether these titers were indicative of

previous infections which could not be determined by observation of
Giemsa-stained, thin blood films or non-specific factors which caused
HA could not be ascertained.

Since the results of disc electrophoresis

showed that the "protein" antigens were complex substances (Figure 4)
which may contain host tissue components, the false positive reactions
may be a result of "natural" antibodies reacting with these fractions.
This problem has also been reported by Stein and Desowitz (1963) who
employed similar antigenic preparations of organisms causing human
malaria.
To circumvent the above difficulty, individual normal calves, mice
and ducks were bled and assayed by HA, employing "protein" antigens
in order to rule out false positive reactions.

Normal sera which were

negative were pooled and utilized as normal serum controls.
C.

Immune Sera Prepared in Rabbits.
✓

Concomitant with the previously mentioned studies, rabbits were
inoculated with preparations of cell-free P. lophurae and AB (Sect II,
B and C).

It was intended that this immune sera be employed as a
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Table 5»

Summary of comparative results of passive hemagglutination •
and hemagglutination-inhibition procedures which employed
'’protein” antigens of A, marginale. P. lophurae and P. berghei
as the adsorbing agents as well as to coat sheep erythrocytes.
These antigens were tested against acute P. lophurae duck. .
acute P. berghei mouse and acute A. marginale bovine sera.

Titersa of Acute Antisera
Antigen

Bovine

Duck

Mouse

HAb

HIC

HA

HI

HA

HI

A. marginale

256

8

. 64

Neg.

32

Neg.

P. lophurae

128

8

1024

32

64

Neg.

P. berghei

64

Neg.d

256

.

Neg.

256

8

aTiters expressed as reciprocals of dilutions.
Hemagglutination titers.
cHemagglutination-inhibition titers.
dNeg. means - Hemagglutination-inhibition titers which were 1 or negative.
Only those titers which showed at least a 1+ hemagglutination reaction
or greater are listed.

48
supplement to acute sera in determining immunochemical relationships
between Anaplasma and Plasmodium. It was found, however, that some of
the sera obtained from normal rabbits produced false positive HA titers
as. high as 1:40 when "protein" and "heated" antigens were employed.
Sera prepared from inoculated rabbits showed HA titers ranging from
1:10-1:80.

Since the antibody titers of normal rabbit sera were rela

tively high, the use of these animals for production of antisera to be
used in HA analysis of Anaplasma and Plasmodium was discontinued.
D. Serum Protein Studies.
Sera collected from ducks before infection with P. lophurae
reached 40 per cent infected erythrocytes did not show any hemoglobin.
However, hemoglobin was present in sera collected from ducks which showed
higher than a 40 per cent infection of P. lophurae. Other products may
also be liberated into the peripheral circulation of P. lophurae-infected
ducks, i.e. parasite antigens, which could react with antibody and thus
result in lowered globulin levels (McGhee, 1964).

It was decided to

study sera taken from ducklings infected with P. lophurae and compare
it to normal and convalescent duck sera using disc electrophoresis, ID
and IE.
Figure 5 presents a comparison of convalescent, acute and normal
duck-sera after separation by disc electrophoresis.

Region "M" indicates

the area where bands were not observed in some acute sera, whereas
convalescent sera showed an increase in the number of bands as compared
to normal sera.

In region "Q" two heavily stained bands appeared in

acute and convalescent sera and were not observed in normal sera.

In

region "R1^, there is evidence of increased mobility of the fractions
as judged by the proximity of the bands to the albumin in normal, acute

Figure 5°

Diagrams of convalescent, acute P. lophurae and normal duck
sera after separation by disc electrophoresis„

d,

e

• V V *

Albumin

»

y >"■

Q
R

ka&sas&g &&ss§gg

—

aC
- Convalescent duck serum0
A - Acute duck serum.
CN - Normal duck serum.

bA

c

N

M - Region in which large molecular
weight serum proteins are found.
eQ - Beta- and alpha-globulin region.
:R - Alpha-l-globulin and post-albumin
region.
'
Bands are indicated by single lines, cross-hatching and shaded areas.

and convalescent sera.

It should be noted that the region "M" represents

large molecular weight serum proteins, i.e. IgM, while in region "Q"
are found the beta- and alpha-globulins.

The alpha-1-globulins and

post-albumins are found in region "R".
The changes of acute and convalescent serum proteins of ducks
infected with P. lophurae varied markedly when compared to normal serum.
These changes may not be due to serum protein fluctuations alone but
may reflect the presence of other substances liberated into the blood,
i.e. parasite antigen, cellular debris.
Immunodiffusion was employed in order to further study the changes
in normal, acute and convalescent duck serum.

Figure 6 presents an

illustration of the results obtained by the use of the Ouchterlony tech
nique.

Those components which show antigenic similarities are joined

by lines of identity whereas those components which are not antigenically related do not show this phenomenon.

Of particular interest were

the areas designated "X" and "Z".
The "Z” line was found only in acute sera in the same region which
showed lines of partial identity with normal and convalescent sera.
This could suggest that antigen-antibody complexes or altered globulins
with the same rates of diffusion and similar antigenic properties exist
in the area (Crowle, 1961).
Another point of interest was line "X" which appeared to have
diffused more rapidly than the similar components found in normal and
acute sera as indicated by lines of identity.

This probably reflects

a concentration fluctuation or may represent a newly synthesized
globulin.
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Figure 6.

Comparison of normal, acute P. lophurae and convalescent
duck sera by immunodiffusion technique which employed
anti-acute P. lophurae duck serum prepared in rabbits.

,

Normal serum

i

-Convalescent
serum

Antiserum---

— — Acute serum

a
X - Abnormal line found in convalescent duck serum.
Z - Diffuse region found in acute duck serum.
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It was at this point that*-greater interest was- directed to the
serum protein changes which occur in acute sera because it is during
the acute phase of P. lophurae infection (or any other disease) that
the host must overcome the parasite infection in order to survive.
Practically all of the ducks employed in the present study did not
survive the acute phase of infection.

This suggested that changes occur

ring within the host might manifest themselves, in part, by serum protein
alterations.

Duck serum was collected 1-6 days after inoculation with

P. lophurae and analyzed by IE employing anti-acute duck serum prepared
in rabbits.

The results of this study are shown in Figure 7.

Duck

sera obtained 1 and 2 days after inoculation did not appear to differ
from normal duck serum, and therefore, these analyses are not shown in
the above illustration.

The white vertical arrows indicate only the

major changes which occurred in the gamma- and beta-globulins.

The

IgM arc was observed only in sera collected 4 and 5 days after inoculation.
However, Abele et al. (1965) could demonstrate the persistence of this
globulin, in human sera, for 45 days after inoculation of volunteers
with P. vivax.
Particular interest should be paid to the gamma-globulin fraction
present.in serum collected 6 days after inoculation which exhibited a
minimum of 3 fractions, each of which may represent a different anti
body.

This observation may account for the diffuse area ("Z") observed

in acute sera when analyzed by ID (Figure 6).
In order to analyze the changes found, as shown in Figure 7, a
more comprehensive study is needed.

It would include specific antisera

to the major globulin classes and an antibody-detecting system, such as

Figure 7.

Immunoelectrophoresis results of acute
P. lophurae duck sera obtained 3, 4, 5 •
and 6 days after inoculation as compared
to normal duck serum.

g
Ab - Anti serum against acute P. lophurae
duck serum prepared in rabbits.
b
G - Gamma-globulin region.
c
B - Beta-globulin region.
d
A - Alpha-globulin region.
X denotes position of IgM-globulin.
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Normal

a
Ab

3 days

Ab

4 days

Ab

5 days

Ab

6 days
Albumin

HA.

The use of this latter systemwould permit the determination of

antibody activity of each globulin

E.

fraction.

Bovine Serum.

Studies similar to those above were carried out using bovine sera.
However, disc electrophoresis and ID did not result in visual differences
between normal, acute or convalescent serum samples.

When anti-acute

A. marginale bovine serum prepared in rabbits was used in IE studies,
1
normal and acute sera demonstrated major changes in the immunoglobulin
region and are shown in Figure 8.

Those arcs labelled beta-Z and beta-Y

represent fractions which are probably beta-globulins found only in
acute bovine sera and differed at least in regard to their electrophoretic
mobility.

Other bovine serum protein changes were not observed by IE.

In the'serum protein studies conducted

in this project, anti

acute serum prepared in rabbits was employed in ID and IE procedures
as the antiserum of choice.

Reports of similar studies (Abele et al.,

1965; Murphy et al., 1964; 1965) in which anti-normal sera were employed
did not show major changes in the serum proteins as analyzed by IE.
Thus, it was felt that while these types of anti sera cou]Ld be used to
identify the major serum proteins found in pathologic sera, the use of
such antibody preparations might not demonstrate the overall picture of
serum protein changes.

As an example, commercially prepared anti-normal

bovine and anti-normal mouse sera of ..rabbit origin did not show differ
ences in acute bovine and mouse sera as analyzed by IE.

One reason for

this may be due to low concentrations of antibody to the globulins in
question.

Hence, although an arc may have formed, excess antigen could

have caused the arc to dissolve (Crowle, 1961).

Thus, based on the results

obtained, the use of anti sera specific for pathologic jserum proteins

Figure 8

Immunoelectrophoretic results of normal and acute A„ marginale
bovine gamma- and beta-serum globulins developed -with
anti-acute A. marginale bovine serum prepared in rabbits.

I.M IjA
iNormal

Antiserum

Acute

Bz and By are unidentified serum globulins
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have distinct advantages.
The results, when employing HA tests, indicate that the cross
reactions between Anaplasma and Plasmodium are due to the existence of
i

similar antigens.

Disc electrophoresis showed that the "protein"

antigens possessed'fractions with similar mobilities.

However, the

exact origin of the common antigens existing in these parasites could
not be ascertained.

Further work is needed on purification and separ

ation of the parasite fractions in order to determine the nature of the
antigens which are involved in the cross-reactions as well as to elim
inate the possible interference caused by host-cell contaminants (Stein
and Desowitz, 1963; Sodeman and Meuwissen, 1966).
The serum protein studies gave evidence that various changes occur
in the globulin populations of acute sera.

These changes were more

pronounced in acute P. lophurae duck sera than in acute A. marginale
bovine sera.

Additional studies further demonstrated the advantage,of

employing anti-pathologic instead of anti-normal sera as an immunologic
tool for analyzing the change in serum proteins obtained from infected
animals.

IV.

Miscellaneous Observations.
Information concerning a number of secondary observations made

during the course of this investigation are also presented.

These data

are not considered to be directly related to the results presented in
the previous sections.

They are put forth here only in preliminary

form and additional work is needed before precise evaluations and
conclusions can be made.
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A. E. weyonii .Hemagglutination Studies
There were occasions during the course of this investigation
where delays were encountered as a result of infections with E. weyonii
(EP) in splenectomized calves which were to be ultimately infected with
A. marginale. Since there was no serologic method available for detect
ing EP in calves, an HA test was developed which would be useful as a
screening procedure for infections of this organism.
Data on HA and HI results tested against acute and normal bovine
serum pool is presented in Table 6.

The acute serum pool represents

sera collected from 8 calves during the acute, phase of eperythrozoonsis.
The specificity of the reaction is indicated by the difference in HA and
HI titers.

HA was not found in the sera of cattle infected with

Anaplasma or from ducks and mice infected with plasmodia.

Non-specific

hemagglutination was not observed employing this antigen for coating
sensitized erythrocytes if the antigen concentration was less than
300 ug per ml of protein.

The results of the HA test, hematocrit values

and observation of Giemsa-stained, thin blood films obtained from cattle
infected with EP were compared in order to determine if these factors
were related and the results are presented in Table 7.

A negative

relationship in hematocrit values and antibody titer was observed.

The

optimum concentration of HA antigen to be used in coating erythrocytes
needs to be determined so that sensitivity of the procedure can be in
creased.

In this manner, the method should lend itself to serologic

investigations and screening for erythrozoonosis.
B.

Alkaline Antigen.

Various reports have been published concerning the preparation of.
soluble and particulate AB antigens by precipitation at low pH (Ristic
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Table 6.

Summary of results of passive hemagglutination and hemagglu
tination-inhibition procedures -which employed E. wenvonii
antigen to coat sheep erythrocytes and as the adsorbing agent.
This antigen was tested against acute E. wenvonii bovine and
normal bovine serum pools.

Acute Bovine Serum Pool
Titer3

Normal Serum Pool

HA

HIb

4+

4+

4+

3+

-

32

4+

-

64

4+

1+
+

128

3+

256

1+
+

8
16

512
1024“

.

—

'

HA

-

-

-

-

-

-

-

—

—

aTiters expressed as reciprocal of the dilution.
•U

Hemagglutination-inhibition titers after adsorbing sera with E. wenvonii
antigen.
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Table 7* A comparison of passive hemagglutination results on E. wenvonii
■with hematocrit values and observations of Giemsa-stained, thin
blood films from infected calves„

Animal
No.

HAa
■Results

Hematocrit
Values

Giemsa-Stained
Results

993
1004

+

19.0

+

+

20.0

+

1006

+

1008

+

19.5
19o0

+^
+

1010

+

22.5

+

1015

+

37.0

-

1021

29.5

+

1022

+

1025

• +

23.5
24.0 .

+

1026

-

34.5

+

102?

+

37.0

+

1031

-

45.0

+

1032

-

37.0

+

1033
EPb

-

33.0 '

+

,

+

.

+

a+ indicates a titer of 1:10 or greater0
EP is serum obtained from a known case of E. wenvonii infection.
A plus sign denotes a positive test for E. wenvonii infection.
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and Mann, 1963; Franklin et _al., 1963).

The use of AB antigen produced

at alkaline pH has not been reported in the literature.

The results

presented here are of a preliminary nature and'additional work is needed
in order to determine the value of this antigen in immunologic studies
of anaplasmosis.
Prior to the addition of NaOH, the cell-free AB preparation appear
ed to be viscous and opaque; however, after it was made alkaline, and
incubated at 37 C for 18 hours a clear suspension resulted which had
a syrup-like consistency.

When HC1 was added to adjust the pH to 7.2,

a precipitate formed which was removed by centrifugation.

The supernatant

fluid was water-clear in appearance and was employed as an HA antigen
to coat sensitized sheep erythrocytes.

Results of HA and HI tests in

which this antigen was utilized are shown in Table 8.

The relatively

high titers suggest that antibodies are present in the acute E. weyonii
bovine, acute P. lophurae duck and acute P. berghei sera tested which
react with the "alkaline" AB antigen.

However, the possible presence

of host erythrocytic components also reacting with antibody should not
be discounted.

Additional evaluation would be necessary to test the

efficacy of this antigen for immunologic studies of anaplasmosis.
C.

Effect of Environmental Temperatures on P. lophurae
Infections in Ducks.
’ ■

An attempt was made to procure a single large batch of P. lophurae
antigen for use in these immunochemical studies.

A calculated fatal

dose of infected blood taken from ducks kept in air-conditioned animal
rooms was inoculated intravenously into ducks dept in a non-air-conditioned
barn.

Six days after inoculation, observation of Giemsa-stained, thin

blood films showed that the ducks had only a very mild infection.
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Table 8.

Summary of results of hemagglutination and hemagglutinationinhibition procedures employing "alkaline” A. marginale
antigen to coat sheep erythrocytes and adsorption of sera.
This antigen was tested against sera collected during the
acute phases of anaplasmosis in calves, malaria in ducks and
mice as well as against normal bovine, duck and mouse sera.

Titers3

t

Type of Serum

HA

HI

Acute A. marginale Bovine

640

80

Normal Bovine

-

!

Acute P. lophurae Duck

1280

160

640

160

Normal Duck
Acute Po berghei Mouse
Normal Bovine

-

aTiters are expressed as reciprocals of the dilutions; only those titers
which showed a 1+ hemagglutination or greater are presented.
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Blood from the mildly-infected ducks produced a severe infection when
it was inoculated into normal ducks kept in the same non-air-conditioned
barn.

When blood was taken from these ducks and inoculated into ducks

kept in an air-conditioned animal room, a mild infection was again
observed.

Subsequently, this blood was inoculated into other ducks kept

in the same animal room and a fatal infection resulted.
tions were made several times.

These observa

An explanation for this phenomenon has

not been formulated.
D. Observations Made with Acute P. lophurae Duck Serum.
In the immunologic procedures described in this report, all duck
sera were heat inactivated for 30 minutes at 56 C prior to being employed
in HA tests.

Precipitation occurred only in the acute and convalescent

serum samples.

This phenomenon did not occur with sera collected from

calves infected with A. marginale. The amount of precipitation varied
from sample to sample and was considerable less in convalescent than
acute sera.

These precipitates which could not be dissolved in saline

may represent abnormal globulins, parasite antigens or host tissue
components which are affected by heating at 56 C.
Whole blood was collected and sera prepared from ducks during
the acute stages of infection with P. lophurae. The whole blood was
mixed with 5 per cent glycerol, frozen at -66 C and employed as
"stock cultures" of P. lophurae. When these cultures were thawed and
inoculated into normal ducks, only a number of them became infected
whereas the remainder showed a severe anemia.

In addition, it was

found that acute P. lophurae duck serum produced an anemia without

an infection.

Similar findings have been reported by McGhee (1964)

who suggested that this observation could be due to an autoimmune
phenomenon involving antibodies directed against duck erythrocytes.

SUMMARY AND CONCLUSIONS

Investigations were conducted to determine whether immunologic
relationships existed between A. marginale and Plasmodium sp.

Disc

electrophoresis showed that some of the fractions of P. berghei,
P. lophurae and A. marginale possessed similar electrophoretic mobility.
As many as 12 bands were demonstrated for P. lophurae and A. marginale
after separation by disc electrophoresis but only 6 were observed for
P. berghei.
The HA technique demonstrated that antigenic similarities existed
among A. marginale, P. lophurae and P. berghei. Data obtained by HI
procedures proved that the above reactions were specific for the
antigens employed.
Two types of HA antigens were prepared and utilized in this study.
One was prepared by heating cell-free parasites in a water-bath at 100 C
and the other by ultrasonic disruption.

In addition, an antigen was

also prepared from AB at an alkaline pH which showed promise of being
utilized in serologic studies of anaplasmosis.
Concomitant studies were conducted on acute P. lophurae duck and
acute A. marginale bovine sera employing disc electrophoresis, ID and
IE.

It was found that the use of anti-acute sera had distinct advan

tages over anti-normal sera in detecting the complex changes in serum
proteins.

The major changes in acute duck and bovine sera were observed

in the gamma- and beta-globulin regions.
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y
A technique was developed for the detection of E. wenyonii
antibodies in cattle using an HA procedure.
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This method supplemented

observations of Giemsa-stained, thin blood smears and hematocrit values
in detecting animals infected with E. wenyonii.
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